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Background. KRAS mutation status in codons 12 and 13 is recognized as a predictive factor for resistance to anti- 
EGFR monoclonal antibodies. Despite having a wild type KRAS (wt-KRAS), not all patients with wt-KRAS respond to 
anti-EGFR antibody treatment. Additional mechanisms of resistance may activate mutations of the other main EGFR 
effectors pathway. Consequently, other molecular markers in colorectal cancer are needed to be evaluated to 
predict the response to therapy. 

Patients and methods. In this retrospective study, objective responses (OR), time to progression (TTP), overall sur- 
vival (OS) were analyzed in 1 76 metastatic colorectal cancer (mCRC) patients treated with first-line chemotherapy in 
combination with monoclonal antibodies in respect of KRAS status in codons 12 and 13 and BRAF mutational status. 
Results. The KRAS mutations were found in 63 patients (35.8 %), the KRAS mutation in codon 12 in 53 patients (30.1%) 
and the KRAS mutation in codon 13 in 10 patients (5.7%). The BRAF V600E mutation was detected in 13 of 176 patients 
(7.4%). In the subgroup of mCRC patients having wt-KRAS and wild type BRAF (wt-BRAF), the objective response rates 
were higher (OR 54.0% ,CR 14.7%, PR 39.3%) than in the patients with wt-KRAS and mt-BRAF (OR 38.5%,CR 15.4%, PR 
23.1%), the difference was not statistically significant (p= 0.378). Median OS in patients with wt-KRAS wt-BRAF, and in 
patients with wt-KRAS mt-BRAF, was 107.4 months and 45 months, respectively. The difference was statistically signifi- 
cant (p= 0.042). TTP in patients with wt-KRAS wt-BRAF, and in patients with wt-KRAS mt-BRAF, was 16 months and 12 
months, respectively. The difference was not statistically significant (p= 0.558). 

Conclusions. Patients with BRAF V600E mutation have statistically significantly worse prognosis than the patients with 
wt-BRAF and progress earlier during treatment. The definitive role of the BRAF V600E mutation as a prognostic and 
predictive factor for the response to anti-EGFR monoclonal antibodies needs to be analyzed in large prospective 
clinical studies. 
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Introduction 

Colorectal cancer (CRC) is the fourth most com- 
mon cancer and one of the leading causes of cancer 
death in the world. It is the most common cancer 
in Slovenia and, according to the Cancer Registry 
of Slovenia, 1279 new patients were diagnosed 
with CRC in 2007. 1 The majority of patients need 



combined modality treatment and earful post- 
treatment surveillance is necessary to offer patient 
an optimal treatment approach. 23 Metastatic dis- 
ease is still incurable, with 5% five-year survival 
without treatment. With the introduction of new 
chemotherapy, using oxaliplatin and irinotecan in 
the current management of metastatic disease, in 
combination with biologicals, targeting epidermal 
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growth factor- mediated growth regulatory path- 
way and the vascular endothelial growth factor- 
mediated angiogenesis pathway, we can prolong 
the progression-free survival (PFS) and overall sur- 
vival (OS) of these patients. 4 8 In selected patients 
with appropriate combination of therapy and sur- 
gery we can achieve approximately a 50% five-year 
survival. 

The development of CRC is a multistep proc- 
ess which accumulates different gene mutations, 
chromosomal abnormalities and epigenetic chang- 
es. 910 The mutations within KRAS proto-oncogen, 
predominately within codons 12 and 13, activate 
RAS/RAF signalling and are thought to occur early 
in carcinogenesis of CRC. The KRAS status is the 
first molecular marker to predict the response to 
anti-EGFR monoclonal antibodies cetuximab and 
panitumumab in metastatic CRC (mCRC) patients, 
and it needs to be determined before deciding in 
favor of treatment with anti-EGFR antibodies. As 
the KRAS mutations occur early in CRC formation, 
there is a high concordance between the KRAS mu- 
tations of primary tumour and metastases, which 
was confirmed in previous studies. 1113 In a recent 
retrospective study, de Roock with his colleagues 
raised the possibility that the patients with the 
KRAS mutation in codon 13 might have benefited 
from anti- EGFR antibodies treatment. 14 The mu- 
tations in KRAS gene are found in approximately 
30 to 40% of mCRC patients, reported in previous 
literature, but only 40 to 60% of these patients with 
wt-KRAS will respond to anti-EGFR antibodies 
treatment. 1516 Therefore, other molecular mark- 
ers downstream of EGFR in the RAS/RAF/MAPK 
pathway and other effector pathways are found to 
be involved to predict the response to specific sys- 
temic therapy. 

The BRAF gene encodes a serine/threonine 
protein kinase of the RAS/RAF/MEK/ERK kinase 
pathway and it is also involved in CRC carcinogen- 
esis. 910 The most common mutation of the BRAF 
gene is V600E which is found in approximately 5 
to 9% of mCRC. 1718 The same was reported in our 
previous study carried on Slovenian patients with 
CRC where the BRAF V600E mutation was found 
in 5.1% of patients. 19 Previous retrospective stud- 
ies suggested that mt-BRAF was a marker of resist- 
ance to anti-EGFR therapy and that the patients 
with mt-BRAF had significantly shorter PFS and 
OS than the patients with wt-BRAF tumours. 20 The 
mutations in the KRAS and BRAF genes have been 
reported to be mutually exclusive. 2122 In the retro- 
spective analysis by Farina- Sarasqueta et al, it was 
also shown that the BRAF V600E mutation was 



an independent prognostic factor for the survival 
of patients with colon cancer in stages II and III, 
while the KRAS mutations did not have any effect 
on the overall survival of these patients. They con- 
cluded that the prognostic role of the KRAS muta- 
tions in an adjuvant setting has to be determined. 23 
In recent clinical studies, it was published that the 
BRAF V600E mutation in metastatic colorectal can- 
cer is conferred to a poor prognosis regardless of 
treatment, but these patients may have some ben- 
efit from the treatment with cetuximab in combi- 
nation with chemotherapy as the first-line therapy, 
but not when used in the patients in whom the dis- 
ease has progressed after the first-line therapy. 17 

The aim of this retrospective study was to ana- 
lyze objective responses, time to progression and 
overall survival of the patients with metastatic 
colorectal cancer treated with first-line systemic 
therapy in respect of KRAS and BRAF status. 

Patients and methods 

Patients 

In the study, 176 patients with histologically con- 
firmed metastatic colorectal cancer (mCRC), pri- 
marily metastatic or progressed during or after 
adjuvant therapy were retrospectively analyzed. 
They were treated according to the national and 
NCCN guidelines, including performance status 
of patients and comorbidity. They were treated 
with chemotherapy, including fluoropirimidins, 
capecitabine or 5-fluorouracil (5- FU), oxaliplatin 
or irinotecan in combination with biologicals, be- 
vacizumab or cetuximab in respect of previously 
determined KRAS status. The treatment was con- 
tinued according to the RECIST criteria, until the 
planned operation or until the progression of dis- 
ease or toxicity occurred. 

Methods and assessment of response 

All relevant data from medical files were collected 
and entered into the data base. Baseline data was 
analyzed with regard to age, sex, primary site (colon 
and rectum), number and location of metastases. 
Efficacy was evaluated according to the Response 
Evaluation Criteria in Solid Tumours (RECIST, ver- 
sion 1.1) by using computed tomografy (CT) scans, 
magnetic resonance scans, abdominal ultrasound, 
chest X-ray, bone scans, clinical examination and 
laboratory tests. 24 The study was conducted in the 
conformance with the principles of the Declaration 
of Helsinki. 
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Molecular analysis of KRAS and BRAF 
mutations 

DNA for molecular analysis was extracted from 
formalin-fixed, paraffin-embedded tumour tissue 
of primary tumours or metastases with at least 
70% of tumour cells. TheraScreen KRAS Mutation 
Kit® (Roche Applied Science, Mannheim, D) was 
used to determine seven most common mutations 
in codons 12 and 13 of the KRAS gene. The V600E 
mutation in BRAF was detected by end-point gen- 
otyping using the TaqMan MGB probes (Applied 
Biosystems, Warrington, UK) as described previ- 
ously. 19 The mutation V600E in BRAF in positive 
tumour samples was confirmed by direct sequenc- 
ing after amplification of the exon 15 of the BRAF 
gene. 19 

Statistical analysis 

The primary end-points of the analysis were over- 
all response rate (ORR), based on RECIST criteria, 
overall survival (OS) and time to progression (TTP) 
according to the KRAS and BRAF status. 

The x 2 -test was used to compare ORR, OS and 
TTP between groups, with 95% confidence inter- 
vals (CI) calculated for the medians. OS and TTP 
were estimated by using Kaplan-Meier Estimates 
and compared using the log-rank test. TTP was 
measured in all patients from the beginning of the 
first-line systemic chemotherapy to the first evi- 
dence of progression. The duration of survival was 
calculated from the beginning of systemic treat- 
ment until the date of death, p value < 0.05 was 
considered statistically significant. Statistical data 
were obtained using the SPSS software package 
PASW statistics 18.0. 



Results 

Patients' characteristics 

In total, 176 patients with mCRC who received 
first-line therapy between May 2005 and October 
2010 were included in the retrospective analysis. 
The cut-off date for the present analysis was April 
2011. All patients were treated at the Institute of 
Oncology Ljubljana, all were Caucasian. The me- 
dian age was 62 years (range 27-86 years) and the 
majority of the patients were males (61.4%). Most 
of the patients had metastatic colon cancer (71.4%). 
One hundred and four patients had primary meta- 
static disease (59.1%). The most common sites of 
metastases were liver and lung. The most com- 



TABLE 1. Baseline and disease characteristic of patients 



Caracteristics 



Patients , n= 176 (%) 



Gender 




Male 


108 (61.4) 


Female 


68 (38.6) 


Age (years) 




Median 


62 


Range 


(27- 86) 


WHO PS* 




0 


126 (71.6) 


1 


50 (28.4) 


Primary tumour localization, 




Colon 


125 (71) 


Rectum 


51 (28) 


Metastatic site 




Liver 


68 (38.6) 


Lung 


1 1 (6.3) 


Liver and lung 


12 (6.8) 


Other 


85 (49.3) 


KRAS status 




KRASw 


113 (64.2) 


KRASm 12 


53 (84.0) 


KRASm 13 


10 (16.0) 


BRAF status 




BRAFw 


163 (92.6) 


BRAFm 


13 (7.4) 



*WHO PS- World Health Organization performance status 



mon therapies the patients received were irinote- 
can, capecitabine with bevacizumab (29.5%) and 
oxaliplatin, capecitabine with cetuximab (22.1%). 
Twenty-four patients (13.6%) were treated only 
with chemotherapy, capecitabine in monotherapy, 
or with fluoropirimidines in combination with 
oxaliplatin or irinotecan. Patients' baseline and dis- 
ease characteristics are shown in Table 1. 

KRAS mutations were found in 63 patients 
(35.8%), to be more precise, the KRAS mutation in 
codon 12 in 53 patients (84.0%) and the KRAS mu- 
tation in codon 13 in 10 patients (16.0%). The BRAF 
V600E mutation was detected in 13 of 176 patients 
(7.4%). 

The mutations of the KRAS or BRAF gene were 
detected in total in 76 patients (43.4%) (Tablel). 

Efficacy 

The response rates according to RECIST criteria 
with regard to the KRAS and BRAF status are 
shown in Table 2. The overall response rates in pa- 
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FIGURE 1. Time to progression in patients with wt-KRAS/wt-BRAF and wt-KRAS/mt-BRAF. 
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FIGURE 2. Overall survival in patients wt-KRAS/wt-BRAF and wt-KRAS/mt-BRAF. 



tients with wt-KRAS and wt-BRAF and in patients 
with wt- KRAS and mt- BRAF were CR 14.7 % + PR 
39.3 % + SD 35.5 % and CR 15.4 % + PR 23.1 % + SD 
46.1 % respectively. The objective response rates in 
the group of patients with wt-KRAS and wt-BRAF 
tumours were 54.0% (CR 14.7%, PR 39.3%), while 
in the group of patients with wt-KRAS and mt- 
BRAF were 38.5% (CR 15.4%, PR 23.1%). The dif- 
ference was not statistically significant (p= 0.378). 
The median OS in the group of patients with wt- 
KRAS and wt-BRAF tumours was 107.4 months 
(95% CI: 82- 132.9 months) and in the group of pa- 
tients with wt-KRAS and mt-BRAF tumours 44.9 



months (95% CI: 28.4- 61.5 months) (Figure 1). The 
difference in median OS between those two groups 
was statistically significant (p= 0.042). TTP in the 
group of patients with wt-KRAS and wt-BRAF tu- 
mours and in the group of patients with wt-KRAS 
and mt-BRAF tumours was 16 months (95% CI: 
10.7- 21.2 months) and 12 months (95% CI: 4.0- 15.0 
months), respectively (Figure 2). It was not statisti- 
cally significant (p= 0.558). 

In the KRAS mutation subgroups, the objective 
response rate of 53 patients with the mutation in 
codon 12 was 47% (CR 20.7%, PR 26.4%) and, in 10 
patients with the mutation in codon 13, the objec- 
tive response was 33% (CR 11.1%, PR 22.2%). The 
difference was not statistically significant (p= 0.08). 
TTP in the patients with the mutation in codon 12 
and the patients with the mutation in codon 13 was 
13.5 months (95% CI: 9- 18 months) and 9.3 months 
(95% CI: 5.1- 13.5 months), respectively. The differ- 
ence was not statistically significant (p= 0.106). 

Surgical resection of liver metastases was per- 
formed in 47/176 patients (26.7%); more specifical- 
ly, in 31 patients with wt-KRAS tumours and in 16 
patients with mt-KRAS tumours. R0 resection was 
achieved in 38/176 patients (21.6 %), of whom 37 
patients had wt-BRAF and only one had mt-BRAF 
tumour. 

Discussion 

In our study population, the KRAS mutations in 
codons 12 and 13 were found in 35.8% of patients, 
in most of them in codon 12; while the mutation 
V600E in BRAF gene was detected in 13 patients 
(7.4%). The results of testing are comparable with 
those previously reported, where the KRAS muta- 
tions were found in 30 to 40% and the BRAF V600E 
mutation in 5 to 9% of the patients. 11131719 

The presented data demonstrate that the pa- 
tients with the BRAF V600E mutation have worse 
prognosis than the patients with wt-BRAF tumour 
and progress early during treatment. The patients 
with wt-BRAF tumours have higher response rates 
than the patients harbouring the BRAF V600E mu- 
tation, but the difference was not statistically sig- 
nificant. One third of the patients with wt-KRAS 
or mt-BRAF tumour still respond to the treatment A 
alluding that the BRAF status is not predictive for 
the response to anti-EGFR antibody therapy. This 
was also reported in previously published analy- 
ses and, in recently published retrospective meta- 
analysis of the CRYSTAL and OPUS studies, it was 
also concluded, that the patients with BRAF muta- 
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TABLE 2. Response rates in KRAS wild type patients according to BRAF status in first-line therapy 





wKRAS 


wKRAS/wBRAF 


wKRAS/mBRAF 


Overall response rate 
(CR+ PR), n (%) 


93 (52.8) 


88 (54.0) 


5 (38.5) 


Disease control rate 
(CR+PR+SD), n (%) 


157 (89.2) 


146 (89.5) 


11 (84.6) 


CR 


26 (14.8) 


24 (14 7) 


2 (15 4) 


PR 


67 (38.0) 


64 (39.3) 


3 (23.1) 


SD 


64 (36.4) 


58 (35.5) 


6 (46.1) 


PD 


19 (10.8) 


17 (10.5) 


2(15.4) 


Median OS, months 
estimate 


129.4 (95% CI: 52.4- 206.4) 


107.4 (95% CI: 82- 132.9)* 


44.9 (95% CI: 28.4- 61.5) * 


Median TTP, months 
estimate 


15.9 (95% CI: 10.8-21.0) 


16.0 (95% CI: 10.7-21.2)** 


12.0 (95% CI: 4.0-15.0) ** 



* p= 0.042 ** p= 0.558 



tion might have also benefited from the treatment 
with anti-EGFR antibodies. 1718 ' 2123 ' 25 At this point 
it should be highlighted that not all patients in 
our retrospective analysis with wt-KRAS received 
cetuximab-based first-line systemic therapy; the 
therapy was selected in accordance to the patients' 
baseline characteristics, the purpose of treatment 
or planned operation for metastases. 

The difference in TTP between the patients 
with wt-KRAS and wt-BRAF tumours and the pa- 
tients with wt-KRAS and mt-BRAF tumours was 4 
months. The difference was not statistically signifi- 
cant, probably due to our small group of patients 
and, consequently, small proportion of the patients 
with BRAF mutation. The comparison of median 
OS of those two groups showed a statistically sig- 
nificant difference which was also accompanied 
with a better prognosis of patients with wt-KRAS 
and wt-BRAF tumour. These results are compa- 
rable with those reported earlier. 172021 The results 
of retrospective pooled analysis from randomized 
CRYSTAL and OPUS trials showed that cetuximab 
as the first-line chemotherapy based on irinotecan 
or oxaliplatin significantly improved OS, ORR 
and PFS the in patients with wt-KRAS tumours. 
According to the results of the same meta-analysis, 
the patients with BRAF mutations also appeared to 
have benefited from cetuximab as the first-line sys- 
temic treatment. 2526 

In our retrospective study, the KRAS mutations 
were most frequently detected in codon 12. This 
is in accordance with the results of our previous 
study. 19 Comparing the patients having KRAS mu- 
tations in codon 12 with the ones having the muta- 



tion in codon 13 after the treatment with chemo- 
therapy and bevacizumab, the response rates were 
higher in the patients with the mutations in codon 
12. Nevertheless, the differences in response rates, 
OS and TTP between these two groups were not 
statistically significant; we assume that the groups 
of patients were too small. In the contrast, in their 
retrospective study, De Roock et al. showed that 
the patients with the mutation in codon 13 KRAS 
who were treated with cetuximab had better over- 
all and progression-free survival than the patients 
with other KRAS mutations and might have bene- 
fited from the treatment with cetuximab. 14 In an ab- 
stract recently published in the 2011 ASCO Annual 
Meeting Proceedings, Tejpar et al. retrospectively 
analyzed the influence of KRAS G13D muta- 
tions on the efficacy of treatment with cetuximab 
as the first-line systemic therapy and compared 
it with the pooled results of randomized studies 
CRYSTAL and OPUS. The patients with the KRAS 
mutation in codon 13 had a much lower treatment 
effect compared to the patients with wt-KRAS tu- 
mours and might have nevertheless benefited from 
treatment with cetuximab. 27 

Although not studied in our retrospective anal- 
ysis, other KRAS mutations were also reported to 
predict the response to anti- EGFR monoclonal an- 
tibodies. The results of a small study of 74 patients, 
conducted by Loupakis with his colleagues, sug- 
gested that rare KRAS mutations in codon 61 and 
in codon 146 might also be responsible for in the 
treatment resistance to anti-EGFR monoclonal an- 
tibodies. 2829 In contrast, in their large retrospective 
analysis, De Roock et al. concluded that the codon 
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146 mutations did not affect the response to cetuxi- 
mab and that the patients with codon 61 mutant tu- 
mours had lower response rate. 20 According to the 
analysis of other mutations, they proposed testing 
of KRAS status, if not mutated, then of BRAF and 
NRAS status, and PIK3CA exon 20 mutation in or- 
der to improve the objective response up to 40% in 
selected patients. 

In our retrospective study, 26.7% of patients, all 
with KRAS wild-type tumours, who had previous- 
ly unresectable liver-only metastases, underwent 
surgical resection after systemic therapy, with R0 
resection achieved in 38 patients (21.6%); one of 
those was patient with the BRAF V600E mutation. 
Although it is difficult to make any comparison, 
because our patients were not selected according 
to specific systemic therapy, these results are com- 
parable with those reported in previous studies 
claiming that 19 to 23% patients treated with beva- 
cizumab- and irinotecan-based chemotherapy and 
with previously unresectable liver-only metastases 
underwent resection. 30 32 In a recently published 
clinical study BOXER, where the patients with un- 
resectable liver-only metastases were treated with 
oxaliplatin, capecitabine and bevacizumab, R0 re- 
section was achieved in 40% of patients. 33 The pro- 
portion of patients with resected liver metastases 
in our retrospective study was higher than that 
reported in earlier studies including the patients 
with previously unresectable liver-only metastases 
and treated with cetuximab in combination with 
irinotecan- or oxaliplatin-based chemotherapy; 
resection was achieved in 4 to 10%. 3435 In the ran- 
domized phase II CELIM study, in which the pa- 
tients with liver-only metastases were treated with 
irinotecan- or oxaliplatin-based chemotherapy 
with cetuximab as the first-line systemic therapy, 
the proportion of R0 resection was higher; it was 
achieved in 34% of patients. 36 In another phase II 
POCHER trial, the proportion of R0 resection was 
even higher; it was achieved in 60% of patients 
who were treated with chronomodulated chemo- 
therapy with irinotecan, oxaliplatin, 5- fluorouracil 
and leucovorin. 37 

In conclusion, the results of our retrospective 
study showed that the patients with BRAF V600E 
mutation had worse prognosis than those with wt- 
BRAF, with lower response rates and progressed 
early during systemic treatment, consequently, 
with less possibilities to achieve resectability of 
metastatic disease. The definitive role of the BRAF 
V600E mutation as a prognostic and predictive 
factor to response to the anti-EGFR monoclonal 
antibodies needs to be analyzed in large prospec- 



tive clinical studies. Different KRAS mutations in 
codon 12 and 13 and other molecular markers, 
predictive or prognostic, downstream of EGFR in 
the RAS/RAF/MAPK pathway, and other effector 
pathways, are needed to be defined to select the 
patients, who will benefit from specific systemic 
therapy in a way of individualized treatment. 
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